Non-linear dynamics of mass transfer process with an interphase fractal structure in liquid-liquid system 
Introduction
Traditional methods assumed that each phase in interface liquid-liquid system was unchangeable even in the interface and the thickness of the interphase layer was ignored completely. Actually in the mass transfer process, the phase region always evolves with time, accompanying with chemical reaction, hydromechanics instability, automatic dispersion, the formation of the interphase layer, the absorption and coalescence of dispersed particles, and the formation of interphase layer structure. Synthetically analyzing the phenomena of the process, the interphase dispersed zone (IDZ) model in liquid-liquid system is demonstrated in this study, which takes the interphase microemulsion process as the core [2] .
Based on observation of the process, phenomena in the mass transfer process of the stripping liquid-liquid system are analyzed. Due to the effect of coordinate chemical binding between extraction agant and metal ion, and as well as intermolecular function between the chemical complexes and the solvent molecules, when the metal ion carries the extraction agent and solvent particles dispersing near the inorganic interphase layer in the process of transferring from 1 To whom any correspondence should be addressed organic to inorganic phase, the extraction agent and the solvent after separating from the metal ion can form the O/W type of micro-emulsion near the inorganic interphase zone under the competition of water molecules in the inorganic phase or other stripping agents. Similarly, the metal ion in the inorganic phase in liquid-liquid extraction system also can form the W/O type of micro-emulsion near the organic interphase layer. Under the effect of the thermal movement of molecule and concentration driving force, the two types of micro-emulsion come into being and very dynamically in mass transfer process. Moreover, the O / W micro-emulsion near the inorganic interphase and the W/O microemulsion near the organic interphase can come into being simultaneously in the interphase layer of the mass transfer process. It is inferable that the double continuous phase type of microemulsion also can be produced between the O/W micro-emulsion and W/O micro emulsion of the interphase layer. That is to say, in the equilibrium state of mass transfer, the heat movement of molecules possibly produces some interphase micro-emulsion layer. This process is generally known as mass transfer micro-emulsion process in liquid-liquid system interface [2] . The model for interface mass transfer or reaction mass transfer process is called the model of IDZ. In the research of mathematical simulation, the model of the mass transfer interphase layer is assumed to be simplified into non-continuous fluid film model with interspaces, which is called σ-phase model.
In the process of non-homogeneous mass transfer process, gradual changing of material concentration of the system, as well as the effects of machinery, electric field, magnetic field, gravitational field and sound field on the system, lead to the bifurcation of mass transfer rate, which is hard to be explained by Fick's law used to describe mass transfer process. Therefore, the non-equilibrium propelling force of the IDZ in the mass transfer reaction of the liquidliquid system and the model of fractal reaction mass transfer kinetics are introduced to simulate the non-linear reaction mass transfer kinetics characteristics obtained from the experiment. Combining with the theory of IDZ, this paper will explain how the low-voltage electrostatic field triggers the non-linear mass transfer kinetics in interface of the liquid-liquid system.
Experimental study
This study applies an improved constant interface cell (see in figure 1 ) to study the non-linear dynamics of interfacial mass transfer in liquid-liquid reaction system. The size of the constant interface cell is 52 х35х120mm, and the ratio of two-phase contact area to phase volume is 0.241 см -1 . 2-ethylhexyl phosphate (DEHPA, shortened form as HR) is taken as extraction agent and the carbon tetrachloride as the solvent for extracting cupric sulfate (see formula (1)), and then deionized water is used to strip cupric ion in the organic phase (see formula (2)) ( ) ( )
In the experiment, the variation of material concentration in the interfacial mass transfer process in the improved Lewis cell, the stimulation of external electrostatic field and mechanical stimulation to the interface of the system, as well as the effect of different surfactants on dynamics of the interfacial mass transfer process are observed.
In the experiment, the stirring speed of stirrer in two-phase and the constant temperature are fixed respectively at 510rat/min and 29.2℃. In the experiment, online data in each 0.5 second are collected. In order to measure the equilibrium concentration, the system is adequately mixed and then remained static for a whole day and night in each end of experiment. The rate of dynamic mass transfer is calculated according to formula (3). transfer, variations of partial properties such as phase thickness, density, concentration, polarization, tension and so on can be studied. Researches on non-equilibrium thermodynamics of extraction show that effective mass transfer coefficients need to be added the propelling force containing thermodynamics components. Based on the mechanism of micro-multiphase and non-equilibrium thermodynamics, the comprehensive propelling force is composed of three parts:
The first item of formula (4) denotes non-equilibrium nature in each phase, the second item denotes the uneven quality of temperature in phase, and the third item signifies the effect of surface strength. Considering that the thermal effect of extracting reaction process is not remarkable, μ i =μ i0 +R⋅T⋅lnc i is adopted, and the mass transfer flow is calculated as following:
Comparing the differences between formula (5) and formula (3) of classical mass transfer flow, we can find the effective mass transfer coefficient in formula (6):
Formula (6) provides an approach calculating disjoining pressure (π=P-P σ ) in the experiment of mass transfer dynamics, also conditions and its dynamics effect on π value can be discussed. Through simple transformation, formula (6) can be transformed into (7) and (8), consequently， the π value and mass transfer coefficient at sometime also can be calculated (here :d j = c p /(c p -c j )): In order to obtain diffusion coefficient and reaction rate of σ-phase region, we make the triple integral in both sides of formula (13) 
Incorporating the formula (19) into 
